INTRODUCTION {#s1}
============

Therapeutic exercise and physiotherapeutics are important treatment methods in physical therapy, but recently, physiotherapeutics has become auxiliary to therapeutic exercise. However, physio -therapeutics is very often used to treat orthopedic patients and those with disability-related pain. Intermittent cervical traction is a physiotherapy approach that is used to treat patients with pain or stiffness in the neck and shoulder region. Many patients receive intermittent cervical traction in a daily treatment setting; however, the objective assessment of severity of symptoms such as pain and numbness is difficult. Therefore, evaluating the effectiveness of treatment must rely on self-reported symptoms. Furthermore, unified settings for traction force, duration, and direction in traction therapy have yet to be determined. Accordingly, a more objective index of evaluating treatment effectiveness which can determine changes in traction conditions or indicate its effectiveness is necessary. In this study, we evaluated changes to muscle thickness that occurred during intermittent cervical traction using ultrasonic diagnostic equipment that is frequently used to assess and diagnose patients with motor dysfunction.

SUBJECTS AND METHODS {#s2}
====================

The subjects were 15 healthy males (height, 172.5 ± 4.0 cm; weight, 67.9 ± 15.6 kg; age, 21.3 ± 1.8 years) who were free of orthopedic disease of the neck and were not receiving treatment such as cervical traction. We applied intermittent cervical traction to the subjects and measured their muscle thicknesses before and during traction using an ultrasonic diagnostic device. The research aims and methods were explained to the subjects, and the experiment was performed after receiving their consent. The study protocol was approved by the research ethics committee of Kawasaki University of Medical Welfare (approval No. 421).

Traction was performed in a seated position in a reclining wheelchair with the subject's heads on the headrest positioned at a cervical flexion angle of 10°. We chose this position to prevent the muscles contracting to support the heads and to restrict movement of the head and neck to the minimum when capturing ultrasonic images. The traction forces were 5, 8, and 11 kg, and the traction cycle consisted of 20 seconds of traction and 10 seconds of rest. We randomized the order of the traction forces for each subject. Two cycles of each traction force were performed and ultrasonic images of muscle thickness were captured during the second cycle.

We used the ultrasonic image diagnostic device Prosound SSD-3500 (Aloka Co. Ltd.). Images were captured in B-mode (brightness mode) using a linear probe (10 MHz) positioned on the outside of the fifth and seventh cervical vertebra, so that the trapezius and splenius capitis muscles were visible. We drew a line marker in the middle of the ultrasonic image for measurements of muscle thickness and took images of each subject using the same frequency and contrast conditions. We used the seventh cervical spinous process as a landmark so that the same area could be imaged before and after traction, and secured the probes to the fifth and sixth cervical spinous process using an adjustable frame and a custom-made probe holder.

We attached a 200 gf constant load spring to the custom probe holder so that the probe and neck region would always be secured at the same force.

We measured the thickness of the trapezius and splenius capitis muscles from the images using the distance measuring functionality of the device. Muscle thicknesses before and during traction were measured, and we calculated the muscle thickness ratio during traction by normalizing the contraction value to the thickness before traction. Values are shown as muscle thickness ratios (%). In order to confirm that the ultrasonic images were cuptured from the same region, we calculated the interclass correlation coefficients (ICC) of muscle thickness before traction for the three traction forces.

For each of the three traction forces, we compared muscle thicknesses before and during traction using the t-test. We also compared the muscle thickness ratios of the three traction forces using one-way analysis of variance. We used SPSS Statics22, and statistical significance was accepted for values of p \<5%.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Muscle thickness and muscle thickness ratio of the three traction forcesTrapeziusSplenius capitis5 kgbefore (mm)5.98±1.568.97±1.85during (mm)5.93±1.579.07±1.78ratio(%)100.7±3.62101.2±4.28 kgbefore5.98±1.648.91±1.88during5.94±1.578.65±1.87^\*^ratio99.7±5.8597.1±4.75^†^11 kgbefore6.05±1.669.02±1.84during5.73±1.72^\*^8.32±1.94^\*^ratio94.4±9.04^†‡^91.8±5.32^†‡^\* indicates a significant difference between before and during, p\<0.05. † indicates a significant difference from 5 kg, p\<0.05. ‡ indicates a significant difference from 8 kg, p\<0.05 shows the muscle thickness and ratios of each traction load. The ICCs of muscle thickness showed high correlations for both the trapezius muscle (0.968) and the splenius capitis muscle (0.986), indicating that almost the same region was imaged before application of each of the three traction forces.

The trapezius muscle thickness at 5 kg was 5.89 ± 1.56 mm before traction, and 5.93 ± 1.57 mm during traction, with a muscle thickness ratio of 100.7 ± 3.62%. Similarly, at 8 kg, the values were 5.98 ± 1.64 mm, 5.94 ± 1.57 mm, and 99.7 ± 5.85%, respectively. At 11 kg, the values were 6.05 ± 1.66 mm, 5.73 ± 1.72 mm, and 94.4 ± 9.04%, respectively. A significant difference in muscle thickness was observed only at 11 kg between before and during traction. Significant differences in the muscle thickness ratios were found between 11 kg and 5 and 8 kg.

The splenius capitis muscle thickness at 5 kg was 8.97 ± 1.85 mm before traction, and 9.07 ± 1.78 mm during traction, with a muscle thickness ratio of 101.2 ± 4.20%. Similarly, at 8 kg, the values were 8.91 ± 1.88 mm, 8.65 ± 1.87 mm, and 97.1 ± 4.75%, respectively. At 11 kg, the values were 9.02 ± 1.84 mm, 8.32 ± 1.94 mm, and 91.8 ± 5.32%, respectively. Significant differences in muscle thickness were found at 8 kg and 11 kg between before and during traction. Significant differences in muscle thickness ratios were found between 5 kg and 8 and 11 kg, as well as between 8 kg and 11 kg.

DISCUSSION {#s4}
==========

We previously investigated the effects of intermittent cervical traction by analyzing cutaneous blood flow, skin temperature, GSR (galvanic skin response), deep tissue blood flow, and electromyogram frequencies; however, individual differences and the resulting unclear trends made it difficult to obtain a usable index for traction therapy effects[@r1], [@r2]^)^. Nonetheless, we believe that basic data of healthy subjects are required to support a more effective traction therapy. Therefore, we investigated the changes that occur in neck muscle thicknesses during traction using an ultrasonic diagnostic device that is commonly used to diagnose and assess motor dysfunction.

In studies measuring muscle thickness using ultrasound[@r3], [@r4]^)^, muscle contraction has been shown to increase muscle thickness. Furthermore, the effects of muscle extension are often calculated as changes in muscle/tendon transfer or muscle bundle length[@r5],[@r6],[@r7]^)^. However, muscle thickness has not been used to investigate the effect of cervical vertebra traction.

In this study, we found that the trapezius muscle thickness hardly changed between before and during traction at 5 kg. Muscle extension may not have occurred at this traction force since it is load similar to that exerted by the head, which accounts for roughly 7% of total body weight. The muscle thickness also remained the same at the 8 kg load. Considering the physiology of the trapezius muscle, it may not be directly involved in extension during traction, and the effects may be difficult to observe. However, muscle thickness changes were observed at 11 kg, and at 11 kg significant differences were found from the muscle thickness ratios of 5 kg and 8 kg. Therefore, extension of the trapezius may require greater traction force.

The splenius capitis muscle thickness did not change at 5 kg, but significant differences were found at 8 kg and 11 kg. As noted above, a 5 kg load is similar to the load of the head, and may not induce muscle extension. Physiologically, the splenius muscle can be extended directly through traction, which would explain the significant difference in the muscle thicknesses at 8 kg, and the significant difference in muscle thickness ratio at the 8 kg load from that of 5 kg. The muscle thickness ratio at the 11 kg load was also significantly different from that of 8 kg, which demonstrates that the stronger traction was effective.

Cervical traction force often begins at 5 kg and is gradually increased depending on the symptoms. Although this load does not result in muscle extension, it is thought to be appropriate for relieving excessive muscle tension and spasms since at this load, the cervical muscles no longer support the head. Differences in muscle direction between the trapezius and splenius capitis muscles may account for the contrasting results obtained at the 8 kg traction force. This finding suggests that cervical traction must be performed considering the effects on different neck regions. On the other hand, the 11 kg traction force was sufficient to affect both muscle groups. However, care is necessary since higher traction forces can lead to stress on the teeth or jaw joints and prevent cervical muscle contractions, causing the traction to become uncomfortable.

The therapeutic objectives of cervical traction are as follows: disarticulation, reduction of extruded disks, extension of soft tissue, muscle relaxation, and joint mobilization. Although studies of the effects of therapy have been performed, some reports have concluded that improvement effects have not been established[@r8]^)^. Furthermore, other reports have noted the low quality of research involving randomized controlled trials in this field[@r9]^)^. Thus, the lack of an established traction method and uniform assessment method has led to contrasting evaluations of traction therapy effects. Accordingly, an objective index for evaluating the effectiveness of therapy is necessary to improve this situation. The accuracy and reproducibility of measuring muscle thickness using an ultrasonic diagnostic device has previously been confirmed. However, it is necessary to measure the same region, and some innovations are required for the measurement. In this study, we used a headrest to limit the movement of the neck, an adjustable frame and probe holder to stabilize the probe, and a constant load spring to standardize the contact force. As a result, we obtained high interclass correlation coefficients for muscle thickness before each traction application. We will continue to search for an objective method of assessment to determine the appropriateness of traction therapy as well as changes to the therapeutic parameters. In particular, our research will focus on the non-invasive ultrasonic diagnostic device to broaden the use of this device as an assessment tool in physiotherapy.
